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The purpose of this investigation was to study the separation of 
optical isomers by gas chromatography. An optically inactive solid 
support was coated with an optically active substrate. Racemic com-
pounds were used as samples. The optically active packing materials 
·tried were d-tartaric acid, d-diethyl tartrate, sucrose, d-camphoric 
acid, d-camphor-10-sulfonic acid, a-methyl-D-glucoside and L-(a)-
glutami·c acid. 
Racemic compounds that were tried included 2-butanol, 3-methyl-
2-butanol, 2-methyl-1-butanol, 2-octanol, 2-bromooctane, 2-methoxy-
octan.e, methyl-2-bromobutyrate, and 3-methylhexane. 
It was. found that racemic compounds could be separated by using 
an optically active material for packing in the gas chromatographic 
columns. Racemic 2-butanol, 3-methyl-2-butanol, and 2-methyl-1-
butanol were separated into two peaks each, using a-methyl-D-glucoside 
on firebrick (20% by volume). The resolution was found to be dependent 
on the temperature and the flow rate with the best results being ob-
tained at l30°C and about 75 ml. per min. of helium carrier gas. 
Collection of samples from the separation using 2-butanol showed each 
fraction to be 2-butanol by mnr analysis. Large enough samples could 
not be obtained to confirm the separation by measurement of the .rotation. 
Only the above mentioned alcohols have been successfully separated. 
a-methyl-D-glucoside was the only packing material that gave successful 
separations. 
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I. INTRODUCTION 
The classical method for the separation of enantiomers deals with 
the formation of diasteriomers, separation of these by a difference of 
physical properties, and then generation of the optically pure enan-
tiomers. This is a tedious process and has encouraged scientists to 
find an easier way. Since the initial work of Karagounis and 
Coumoulasl, many examples of resolving racemic mixtures by other than 
conventional means have been reported. 
This thesis deals with the use of gas chromatography as a way 
to circumvent the classical method of separation. This would make 
optically active compounds more readily available to scientists than 
does the conventional methods. These compounds could then be used in 
reaction mechanism studies. By finding a mechanism by which the sep-
aration of optical isomers is effected, insight may be gained for bio-
chemical processes where selective adsorption also takes place. The 
speed and the degree of resolution hopefully possible, makes this 
technique extremely attractive. Another advantage is that the separ-
ation is not dependent on a chemically active group, thus making the 
resolution of a hydrocarbon possible. 
It was thought that a racemic mixture could be resolved by pass-
ing it over an optically active stationary phase where one of the iso-
mers would be selectively adsorbed. The problem is to find a station-
ary phase, either solid or liquid, which will effectively interact with 
one of the isomers and thereby give separation. 
2 
For the author, interest in gas chromatography as a tool for 
separation was first stimulated while a senior at Westminster College. 
Here an attempt was made to separate the mono-, di-, and tri-glycosyl 
glycerides. 
3 
II. LITERATURE REVIEW 
A. RESOLUTION BY COLUMN CHROMATOGRAPHY 
Columns packed with optically active materials have met with vary-
ing success in the resolution of racemic compounds. The results are 
summarized in Table 1. Wool was found to selectively adsorb racemic 
mandelic acid3 and some of its derivatives.3-7 It was thought the 
origin of the effect may lie in the greater stability of the d-acid ••• 
wool interaction. Alternatively, another portion of the acid bound 
initially may have combined without resolution, perhaps through hy-
drogen bonding with amide groups. Because of the separation of some 
of the hydroxy derivatives of mandelic acid, suspicion was aroused that 
possibly the difference in adsorption was due to an interaction between 
the hydroxyl group and the protein. However a -methoxy-phenylacetic 
acid was resolved by woo1. 5 This gave evidence against the prefer-
ential adsorption being completely due to the hydroxyl group. 
I~gersoll and Adams 9 prepared two azo-dyes by diazotizing the d-
and the 1- forms of a-p-aminobenzamido-a-phenylacetic acid and coupling 
the products with dimethylaniline. They reported a difference in the 
rate of adsorption for the d- and 1-isomers on wool. Pcirte~ and . Ihrig6 
reported that the d- and 1-isomers of m-azo-~-naphthol-mandelic acid 
adsorbed on wool at different rates. Morgan and SkinnerlO reported 
that the 1- form of 2,3-di-[p-(p'-sulphonphenylazo) aniline] butane was 
less rapidly adsorbed by the wool than the d- form. Upon more exten-
sive and careful investigation, it was found that the work of Ingersoll 
and Adams and Morgan and Skinner related to selective adsorption was 
4 
. 7 11 12 
within the experimental error for the use of the polarLmeter. ' ' 
Brode and Adams concluded that the structures used in the selec-
tive adsorption may not have been suitable. Koegel, et a1. 13 went on 
to say the asymmetric center of the compounds used might be too far 
removed from their points of attachment to the protein for asymmetry 
to have an influence on the adsorptive process. Von Euler and BuchtlS 
mentioned a difficulty in observing the relative adsorption by a polar-
imeter, if the specific rotation of the pure isomer is low. 
Bradley and Easty3 used a slightly different approach. In the 
early experiments, part of the wool was being dissolved by the race-
mate to give the (-) rotation. This was mostly eliminated by very 
careful washing of the wool. The mandelic acid adsorbed on the wool 
was also recovered and found to have a (+) rotation. By extending 
their technique, they were able to resolve mandelic acid on casein. 
The isomer adsorbed was again found to be d-mandelic acid which gave 
a rotation of [a]n = +0.8°. By using casein of a different particle 
size, the efficiency of rotation was improved. It was found that the 
finer mesh size gave better resolution than the more course mesh. 
Martin and Kuhn16 found a temperature dependence on the specific rota-
tion observed for the laevorotatory solutions of mandelic acid when 
adsorbe.d on wool. 
The preferential adsorption of racemates on proteins may be sig-
ni.ficant in biochemical processes. The differences in behavior of the 
a -amino acid, a -hydroxy acids, and other acids in the natural processes 
could be relat~d to the preferential adsorption of one of the enan-
tiomers. However the small degree of resolution achieved so far is in 
striking contrast to those observed biochemically.. in natural processes 
5 
it could be a continued resolution at a succession of surfaces which 
gives rise to efficient separation. 5 
The idea that the resolution depends on a salt being formed from 
the interaction of the adsorbent and the acid as put forth by Willstatter 
should not be held to very ridgidly. Resolution has also been achieved 
with optically active neutral substances such as quartz. 2 
Synthetic resins have been used in columns for resolution. An 
advantage of the resin type column is that it can be "tailor-made" by 
incorporating various functional groups to give better resolution. 
It was felt the asymmetric center should be far enough away from the 
resin backbone to permit better interaction of this center with the 
racemic compound to be resolved. With this in mind a resin was made 
by Roberts and Haigh17 : poly[S-(ar-vinylbenzyl)-L-cysteine]. This 
resin ~vas used to resolve methionine and g.ave separation with optical 
purity of 44%. 
Lott and Rieman18 thought the asymmetric center should be locked 
within the resin, and thereby exclude the approach from all but one 
direction. One isomer "fits" better into the space giving a separation. 
If the groups about . the asymmetric center are too bulky the approac~ 
1nay be restricted and make resolution difficult. A resin made from 
L-(+)-N,N-dimethyl-a-phenethylamine and chloromethylated, cross-linked 
polystyrene was used to resolve the mandalate anion. 
Bunnett and Marks 19 felt that weak chemical forces were necessary 
to resolve large molecules by fractional adsorption on solids. To do 
this a certain binding energy must be attained and this could be done 
by a three point contact of the molecule with the surface. This close-
ness of fit ·with the asymmetric surface would be more sensitive to the 
asymmetry of molecules in solution compared with just a one point 
attachment. 
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In introducing an optically active substance such as quinine onto 
a resin type column, racemization sometimes occurs. Thus quinine was 
found to give a much poorer separation. In an effort to improve the 
resolution, conwon ion-exchange resins saturated with an optically 
active substance have been used. Yoshino, et a1. 20 used tartrate ion 
in a resin column· to separate Co(III) complexes. 
B. RESOLUTION BY PAPER CHROMATOGRAPHY 
Cellulose, being an optically active material has found success 
in the resolution of optical isomers. Table 2 depicts some of the 
compounds tried and whether or not success was achieved. Note how 
various substituents when placed in the proper position help in reso-
lution. 
A racemic mixture of 2,5-dihydroxyphenylalanine when chromate-
graphed on paper in an optically inactive solvent was found to give 
one spot for each enantiomer. 2B,Z9 When each of the pure isomers was 
subjected to the same conditions, the same Rf values were obtained 
corresponding to those for the racemic mixture. The Rf value is the 
ratio of the compound front to the solvent front. 
If the partition phenomena was the only mechanism involved in 
paper chromatography, then in theory this separation should not have 
taken place since an optically inactive solvent was used. 30 However 
adsorption at the surface of the paper plays a large role, and the 
greater adsorption of one isomer over the other would give resolu-
tion. · The lo-ng flat molecules of cellulose with a lot of hydroxyl 
7 
groups ·capable of forming hydrogen bonds, is likely to facilitate sep-
aration. This would be especially true with substances having flat 
areas as aromatic rings with amino groups or hydroxyl groups to provide 
hydrogen bonding. One of the racemic forms may fit the molecular 
arrangement · of the cellulose surface more closely than the other, lead-
ing to a separation. 
It was found that the ratio of the·Rf values was the same for the 
d- and the 1-isomer in all cases where separation was achieved. 28 This 
might suggest that a common mechanism is operative. In the phenylal-
anine derivatives the 1-isomer was the more strongly adsorbed, but in 
the kynurenines the d-isomer was more strongly adsorbed. 28 This would 
not he unreasonable since phenylalanine has one less carbon in the side 
chain and therefore bears a different spatial relation to the asym-
metric center. 
It was suggested that a "three-point" attachment may be necessary 
for stereochemical specificity. When the amino groups were acylated, 
no resolution occurred. Possibly hydrogen bonding of the amino group 
along with the carboxyl group and the aromatic ring plays a part in 
the "three-point" attachment. The critical distance between the two 
adsorbing centers (aromatic ring and a-amino acid) was not established. 
From the data obtained, it was also concluded that a small substituent 
in the ortho position of phenylalanine may cause steric interference 
which prevents the d-isomer from being as strongly adsorbed as the 
1-isomer. 
Kotake, et al.35 in an attempt to prove that resolution did take 
place, dissolved the tyrosine which was adsorbed on the paper. A 
small rotation was observed, but this could have been due to cellulose 
part.icles .carried with the dissolved tyrosine. 
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C. RESOLUTION BY MOLECULAR COMPLEXATION CHROMATOGRAPHY 
By treating silicic acid with optically active a-(2,4,5,7-tetra-
nitro-9-fluorenylideneaminoxy)-propionic acid, Klemm and Reed37 ef-
fected the partial resolution of 1-naphthyl-2-butyl ether. The sue-
cess of this has been ascribed to molecular complexation between the 
molecules adsorbed on the silicic acid support and the aromatic com-
pound. 
D. RESOLUTION BY ASYMMETRIC SOLVENT ACTION 
A differential solvent effect was found to exist between the d-
. 38 39 
and the 1-isomers when dissolved in an asymmetr~c solvent. ' It 
was hoped the asymmetric solvent would influence the solubilities of 
these compounds to give a product whose specific rotation could be 
measured. The molecular solution volumes are usually directly pro-
portional to the heats of solution. This in turn would give thermo-
dynamic data to support the interaction of a racemic compound moving 
through an optically active liquid and its resolution due to the 
differences in solubility. Table 3 shows these results. 
It was first reported that the d- and 1-isomers in an asymmetric 
solvent should result in different nmr spectra due to diasteriomeric 
. t . 40 ~n e~act~ons. Later, Pirkle41 thought that strong solute-solvent 
interactions as hydrogen bonding, dipolar attraction, and charge 
transfer interaction would lead to a difference in the spatial environ-
ment for enantiomers. Fluorine was incorporated into the solute to 
give a spectra uncluttered of proton resonances. Racemic 2,2,2-tri-
fluoro-1-phenylethanol was studied first in carbon tetrachloride where 
the fluorine appeared as a doublet at (J)HP=6.7 cycles per second (cps) 
9 
centered at 4445 cps. When run in optically active a-phenethylamine 
([aJfi2 = -37.0°) the fluorine resonances appeared as two sets of doub-
lets each of (J)Hp=7.2 cps and centered at 4374 and 4376 cps. Both 
were of equal intensity. When run in racemic phenethylalanine the 
spectrumcoalesces and only a doublet was observed. 
A partially resolved sample of the 2,2,2-trifluoro-1-phenylethanol 
([a]~2= +2.19°) run in 1-a-phenethylamine gave two sets of doublets. 
However the lower field set was reduced in intensity, therefore show-
ing that more of the d-isomer was present than the 1-isomer. 
E. RESOLUTION BY GAS CHROMATOGRAPHY 
A number of separations of diasteriomers have been reported.42 
This is due to a difference of physical properties. An optically 
active column is not needed to separate diasteriomers. It should be 
interesting to note that while Porcaro and Johnston43 were successful 
in separating the four diasteriomers of menthol, they were unable to 
resolve the racemates of each. 
Experiments of this nature led to the view that resolution of 
racemic mixtur~s should also be possible using gas-liquid partition 
chromatography. Using this method, Karagounis and Co-workers44-46 
have reported a number of partial resolutions. Using racemic 2-
butanol, 2-bromopentane, ethyl-a-bromopropionate, ethyl-a-bromobutyrate 
and others, a splitting of peak~ was noticed using an optically active 
material such as diethyl-d-tartrate coated on an inactive support. 
The splitting of peaks was said to correspond to the d-and !-isomers. 
When Goldberg and Ross4 7 tried to repeat some of this work using 
racemic 2-but~nol, 2-chlorobutane, and 2-bromobutane on a methyl-d-
10 
tartrate column, only one peak was observed. It was noted, however, 
that bromides which can form stable carbonium ions are notorious for 
racemizing when subjected to acid. 48 Irurre, Julia, and Sanz-Burata49 
likewise tried to resolve racemic 2-butanol, 2-pentanol, 2-chloro-
butane, and 2-bromobutane by gas-liquid chromatography using D-d-diethyl 
tartrate or d-dibutyl tartrate on chormosorb-p columns and failed. 
On analysis of the two peaks obseryed for 2-bromobutane, they were 
found to correspond to the cis- and trans-2-butene. These were the 
same decomposition products obtained by gas chromatography on pure 
alumina columns with no optically active coating. 
Resolutions have also been obtained for an inorganic compound. 
Sievers and Co-workers50,51 reported the partial resolution of racemic 
tris-(1,1,1,5,5,5-hexafluoro-2,3-pentanedionato)-chromium (III) using 
powd&ro. dextro-quartz. In addition to observing two peaks on the 
chromatogram a sample was collected and was found to have a rotation 
of [aJns= +o.043° ± 0.008°. This appears to be the first example of 
a resolution by gas chromatography being c?nfirmed by measurement of 
the optical rotation. The basis for separation is probably due to the 
difference in adsorptive tendencies of the two isomers for the surface 
of the solid. The one isomer may then be thermodynamically or kineti-
cally more stable than the other. Table 4 lists the racemates which 




The chemicals used in this investigation are listed below 
















Chromosorb-P, non-acid washed 
ffi1DS treated* 
Chromosorb-W, acid washed 
Chromosorb-G, non-acid washed 
Company 
Eastman Organic Chemicals 
Aldrich Chemical Company 
Matheson, Coleman, and Bell 
The British Drug Houses Ltd. 
California and Hawaiian Sugar 
Refining Company 
Fisher Scientific Company 
Johns-Manville Products Corp. 
All of the chemicals were used without further purification 
11 
except the following two alcohols which were distilled through an 
18 inch ·X 6mm. Nester Faust spinning band column: 2-methyl-1-
*HMDS-Hexamethyldisilazane 
12 
butanol, b.p., 126°, reported53 b.p., 128°; 2-bDtano~ b.p., 100°, 
reported53 b.p., 99.5-100°. The other racemates gave only one 
peak when gas chromatographed on a silicone rubber, carbowax,orl,2,3 
tris .(2-cyanoethoxy) propane column at various temperatures and 
flow rates. 
2. P:P.paratus 
Infrared Spectrophotometer: Beckman-IR5A infrared spectrophotometer. 
Beckman Instruments, Inc. 
Syringe: Hamilton 10~1. The Hamilton Company, Inc. 
Nuclear Magnetic Resonance Spectrometer: Varian A-56/60 
Analytical NMR Spectrometer. Varian Associates. 
Gas Chromatograph: F and M Model 720 Dual Column, Programmed 
Temperature with a Thermal Conductivity Detector. 
F and M Scientific Corporation. 
Fisher-Johns Melting Point Apparatus: Fisher Scientific Company. 
3. Synthesis 
~-(+)-Glucose Pentaacetate - Prepared from D-(+)-glucose with 
acetic anhydride, and sodium acetate by the procedure of Brewster, 
Vanderwerf, and McEwen52 , m.p. 131°, reported53 m.p. 134°. 
2--bromo butane To 38.2 g. (0.137 .mole) of PBr3 cooled in an ice-
salt mixture, 21 g. (0.292 mole) of 2-butanol was slowly added. · 
The 2-bromobutane was then distilled from the residue, washed with 
cold concentrated H2so4 , and dried over anhydrous Na2C03. Redis-
tillation through a 12 inch packed column gave 12.6 g. (0.0912 mole, 
31% yield) of 2-bromobutane, b.p. 87-93°, reported53 b.p. 91.2°. 
Gas chromatography analysis showed only one peak. 
Octenes -To 18.0 g. (0 .138 mole) of 2-octanol was added 3 ml. of 
concentrated H2so4 and the resulting octene was distilled through 
a 12 inch packed column to give 11.6g. · (0.103 mole, 75% yield) of 
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octenes, b.p. 116-122°, reported54 b.p. 121.3, 125.6 and 124.9°for the 
1-, cis-2-, and the trans-2-octenes respectively. The nmr and ir spec-
tra showed the splitting and infrared bands characteristic of an olefin, 
but one could not ·differentiate between the isomers of octene. Analysis 
by gas chromatography gave only one peak. 
Meth>Yl-2-octyl ether - The method '\vas that devised by Roy Shaver55 
and used for the preparation of anisoles. To a reaction product of 
90.2 g. (0.694 mole) of 2-octanol and 16.0 g. (0.696 mole) of sodium 
was added 44.1 g. (0.350 mole) of dimethyl sulfate, in 600 ml. of diethyl 
ether. The resulting ethereal solution was washed with water, 10% sul-
furic acid, and water again. After drying over CaCl2, the ether was 
removed by distillation and the methyl-2-octylether was distilled 
through a 12 inch packed column to give 50.0 g. (0.347 mole, 50% yield), 
b.p. 150-160°, reported56 b.p. 158°. Gas chromatographic analysis 
showed the resulting ether to contain some 2-octanol. The methyl-2-
octyl ether was found to be 97% pure by comparison of areas on the 
chr.omatogram. 
4. Preparation of columns 
Crushed firebrick was graded to a 40/60 mesh size, washed with . 
water and dried at 140°C. This was used fer the solid support in most 
of the columns prepared. Enough of the optically ·active adsorbent was 
dissolved in a volatile solvent, such as ether, acetone etc., to coat 
the firebrick 20% by volume. A "Rinco" rotary evaporator was used to 
strip off the solvent. The dried packing material was then introduced 
into the spiralled copper tubing using a vibrator and an aspirat~r to 
pack the column more efficiently. Wire mesh was used in the ends of 
the co1umn to contain the packing material. 
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The analytical columns were 8 feet by 1/4 inch copper tubing 
coiled in such a manner as to fit inside the oven of the gas chromato-
graph. For the preparative scale columns a 3/8 inch diameter copper 
tubing was used with the same length as the analytical columns. The 
columns were cured for several days at the maximum temperature at 
which they were to be used. 
Table 5 shows the history of the columns used: Adsorbent, curing 
temperature, melting point, solid support, mesh size, solvent, etc. 
ll. RESULTS 
A series of columns were made using various optically active 
materials adsorbed on firebrick at the rate of 20% by volume. 
R2ce1nic compounds were then injected into the column in an attempt 
to achieve a separation of the optical isomers. Optically active 
materials that were used included d-tartaric acid, ~-D-(+)-glucose 
pen.taacetate, diethyl-d-tartrate, sucrose, L-glutamic acid, d-cam-
phoric acid, d-camphor-10-sulfonic acid, and c~-methyl-D-glucoside. 
The racemic compounds injected were 3-methyl-2-butanol, z~methyl-
1-butanol, 2-butanol, 2-octanol, methyl-2-bromobutyrate, 3-methyl-
hexane, 2-bromobutane, and rnethyl-2-oc.tyl ether. The temperature 
was varied from 60 to 175°C and the flow rate varied from about 10 
15 
to 300 ml/min. The conditions were varied to try to find the optimum 
conditions for resolution. Tables 6 to 17 show the vcried conditions 
for each column and whether or not any resolution occurred. 
During tl-~is study only racemic 2-butanol, 3-methyl-2-butanol, 
and 2-methyl-1-butanol were separated into two peaks each, using a-
methyl-D-glucoside on firebrick (20% by volume). In some preliminary 
studies, a splitting of peaks was also noticed with 3-methyl-2-
butanol using a d-tartaric acid column58, however this did not give 
reproducible results. The splitting of peaks has been attributed 
to the separation of the racemates into the d- and the 1-isomers, 
each giving rise to one of the peaks. The best results were obtained 
at 130°C and about 75 ml/min flow rate using helium as a carrier ·gas 
(Figure 1). As will be observed later, nitrogen also worked as a 
carrier gas. No resolution was achieved at temperatures below 80° 
or above 140°C. 
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The fact that resolution was dependent on flow rate and tempera-
ture, as well as the other variables, may be the reason that separations 
reported by some workers could not be verified by others. By systemat-
ically changing the variables, the column was found to have a very 
narrow range of effectiveness. It may seem that better resolution 
may occur at slower flow rates since the racemates would be in contact 
with the active sites for a longer time, thereby giving rise to a more 
efficient separation. However this was not observed, because the 
higher flow rates gave better separation. This is probably due to 
the relative selective adsorptive tendencies of the enantiomers to 
the solid which are influenced by the temperature and the pressure. 
Th~ pressure is closely related to the flow rate since an increase 
in the flow rate was brought about by increasing the pressure. Due 
to variables in the packing of a column, such as the amount of mater-
ial adsorbed on the solid support and the efficiency of packing, the 
flow rate will be different for the same pressure when different 
columns are used. The mechanism for the splitting of peaks is prob-
ably a function of the selective adsorption of one enantiomer over 
the other. 
To see if the two peaks on the chromatogram represented the d-
and 1-isomers, samples were collected to be checked for optical purity. 
An attempt was made to use preparative scale gas chromatography for 
this purpose. The separation of peaks using firebrick as the solid 
support was such that the difference in retention times was small. 
Also a lot of tailing was observed, making it difficult to collect 
fractions. Different solid supports were then tried which were reported 
to give very little tailing for these types of compounds. 59 The solid 
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supports used to reduce tailing included chromosorb-P, HMDS treated, 
non-acid washed; chromosorb-W, acid washed; chromosorb-G, non-acid 
washed. When coated with a -methyl-D-glucoside, and treated in the 
same manner as the column giving the separation, no splitting of peaks 
was observed, however the tailing of the alcohols was reduced. 
Instead of using a 1/4 in. diameter copper tubing for the columns, 
3/8 in. diameter columns were made with the same optically coated 
materials giving the reduced tailing. Using helium or nitrogen as a 
carrier gas and varying the flow rate and temperature, no resolution 
was attained. Therefore it was decided to collect the samples from 
the small column that did give rise to separation. 
In using the small column for preparative work, 50 ~1. samples 
of 2-butanol were injected. With the larger sample size a third peak 
appeared on the chromatogram {Figure 2). The significance of this 
will be discussed later. Three samples corresponding to the three 
peaks of the chromatogram from the a-methyl-D-glucoside column were 
collected in a dry ice trap. 
The possibility remains that the alcohol may have been dehydrated 
to an olefin producing 1-butene, and cis- and trans-2-butene. However 
all the samples collected were liquids at room temperature, whereas 
the olefins would have been gases, b.p.'s of -6.3,+ 3.7, and +0.9°C 
for 1-, 2-cis-, and 2-trans-butenes, respectively. An nmr spectra 
was run on all three fractions and compared to nmr s~ectra of known 
2-butanol (Figures 3-6). The third sample that was collect~d 
was shown to be 2-butanol with a small amount of water in it. ·The 
nmr spectra of the first fraction was very similar to that of 2-
butanol. 
The mixture was chromatographed, and the water was found to 
have almost the same retention time but a much larger peak than the 
third fraction (Figure 7). To remove any traces of water from the 
2-butanol, another sample of the racemate was dried over Drierite. 
However when injected into the column the racemate still gave a 
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third peak. A large sample of 2-butanol was injected into an a-methyl-
D-glucoside, HMDS treated, non-acid washed column which did not give 
separation and found to give only one peak. When water was injected 
it was found to have a considerably different retention time. This 
showed that water was not present in the original sample. The water 
in the samples for the nmr spectra analysis could have been due to 
the collection at dry ice temperatures, but this would still leave 
the third peak unexplained. 
The possibility exists that transesterification took place be-
tween the methoxy group of the a-methyl-D-glucoside and the 2-butanol 
giving rise to methanol. Methanol was injected into the column and 
found to give a retention time different from any of the observed 
peaks, thus no transesterification had occurred. Also none of the nmr 
spectra showed any evidence of methanol. Similarly, exchange of the 
hydroxyl group of the alcohol with the methoxy group of the sugar was 
ruled out on the basis of the fact that no methoxy· peak was observed 
in the nmr spectra for any of the fractions. 
Each of the three fractions collected were injected into the 
column which gave resolution. The first fraction gave only one peak 
with the same retention time corresponding to that fraction (Figure 8). 
This would tend to show possible resolution and thus the fraction could 
be one of the optical isomers. Upon injection of the second and third 
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fractions, all three peaks were observed. It could not be determined 
whether or not the amount of the first fraction diminished upon in-
jection of the second fraction. However one might suspect that it 
would be diminished if separation of the isomers took place. The 
optical rotation for the first fraction should be greater since it 
would not be diluted with the isomer from the second fraction. This 
would have been due to the quite extensive tailing effect of the 
column. 
The most logical explantion is that the one peak on the chromate-
gram corresponds to either the d- or 1-isomer and the other peak corre-
spends to its mirror image plus racemic alcohol. 
The next question is whether or not the samples show any opti-
1 · · K . 44 d h h 1 d . . ca rotat~on s~nce aragoun~s reporte t at t erma con uct~v~ty 
detectors may cause racemization. However since the fractions were 
collected and reinjected into the column giving separation, and the 
first fraction ~vas found to give but one peak with the same retention 
. . 
time it seems that no racemization took place on the detector. 
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VI. CONCLUSIONS 
From the results obtained in this investigation the conclusion 
can be made that there are very subtle differences between the inter-
action of the d- and 1-isomer and the optically active adsorbent. This 
was shown by the small separation of the peaks. It is believed that 
the one peak on the chromatogram corresponds to its mirror image plus 
racemic alcohol. 
It was found that racemic compounds could be separated by using 
an optically active material for packing in the gas chromatographic 
columns. Racemic 2-butanol, 3-methyl-2-butanol, and 2-methyl-1-butanol, 
were separated into two peaks each, using a-methyl-D-glucoside on fire-
brick (20% by volume). The resolution was found to be dependent on 
the temperature and the flow rate with the best results being obtained 
at 130°C and about 75 ml. per min. of helium carrier gas. Collection 
of samples from the separation using 2-butanol showed each fraction 
to be 2-butanol by nmr analysis. Large enough sample sizes could not 
be obtained to confirm the separation by measurement of the rotation. 
Only the above mentioned alcohols have been successfully separated. 
a-methyl-D-glucoside was the only packing material th ~ t gave successful 
separations. 
The alcohol was shown not to racemize on the detector since a re-
injection of the first fraction collected, . yielded only one peak 
with the same retention time as the original. 
There are some inherent difficulties in going from an analytical 
to a preparative scale gas chromatography column. These must be worked 
out to enable a more efficient collecting system to be utilized. 
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V. RECOMMENDATIONS 
It would be of interest to try several other optically active 
columns such as starch and cellulose to see if separation can be ef-
fected. With this type of a column a racemate such as a -phenyl ethanol 
may be found advantageous. It has a flat phenyl ring which can fit 
closely with the planar structure of cellulose and a hydroxyl group 
next to the phenyl ring that can interact with the cellulose through 
hydrogen bonding. The alcohol also has a very high rotation, [ a Jg = 
-54.9° for the 1-isomer. As mentioned earlier a high rotation of the 
isomer may be needed so that an incomplete resolution could still be 
detected by a polarimeter. 
By systematically making a change at the optically active centers 
in an adsorbent, a clue may be given as to the position of the active 
site. For example instead of using an a -methyl-D-glucoside one could 
use p-methyl-D-glucoside and see whether or not a splitting of peaks 
can be observed. If none were to occur it may show that particular 
optically active center as being the active site. 
Of particular interest would be the use of optically active com-
pounds that contain functional groups, such as carboxyl or sulfonic 
acid groups, somewhat removed from the saymmetric center. It is hoped 
that when the compounds are placed on an optically inactive support 
the molecules will arrange themselves so that the functional group is 
attracted towards the inactive support. This would leave the end of 
the molecule containing the optically active asymmetric center exposed 
to the racemic material that is passed through the column. Hopefully 
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TABLE 1 (cent.) 
Adsorbent Racemate 
Casein Mandelic acid3 
a-bromopropionic acid 











Sodium tartrate Tris(ethylenediamine)cobalt(III) 20 
Dinitrobis(ethylenediamine)-
cobalt(III)20 
. . . . . . . . . . . . . . . . . . . . . . . . . 
Chi to san Mandelic .d26 ac1. 
Benzyl chitosan Mandelic acid26 
Styrene oxide 
chitosan Mandelic acid26 




(methylbenzyl) ammonium 2 ion Sodium ma ndalate 7 
. . . 


















. . . . . . . 
Partial 
Partial 
TABLE 1 (cont.) 
Adsorbent Racemate 

















RESOLUTION BY PAPER CHROMATOGRAPHY 
Racemate 




2 N 1 k . 33 - -acy ynuren~ne 
Phenylalanine28 
. 28 35 Tyros1.ne ' 
o-nitrophenacylglycine33 
Phenacylglycine33 
































ASYMMETRIC SOLVENT ACTION 
Solvent (MSV 1-isomer - MSV d-isomer)* 
1-menthyl acetate 0.061 ml 
Nitrobenzene 0.008 ml 
Benzyl benzoate 0.012 ml 
1-menthyl acetate 0.105 ml 
Benzyl benzoate 0.004 ml 























pentandionato)chromium III 0 
Tris(l,l,l,S,S,S-hexafluoro-2,4 
pentandionato)chromium IIISO 















































The following racemates were used with each of the following adsorbents. 
d-diethyl tartrate 2-butanol49 No 
d-dibutyl tartrate 2-pentanol49 No 
2-chlorobutane49 No 
2-bromobutane4 9 No 
TABLE 5 
HISTORY OF THE OPTICALLY ACTIVE COLUMNS 
Adsorbent 0 M.P. C B.P.°C Curing Solvent Solid Mesh Size Diameter* % Table 




155 Ethanol Fb. 40/60 1/4 A 6 
glucoside 
a-methyl-D- 165 -- 140 Ethanol I 60/80 3/8 A 7 
· glucoside 
a-methyl-D- 165 -- 140 Ethanol II 60/80 3/8 A 8 
glucoside 
a-methy1-D- 165 -- 130 Ethanol I 60/80 1/4 A 9 
glucoside 
a-methyl-D- 165 -- 130 Ethanol II 60/80 1/4 A 11 
glucoside 
d- (+)-tartaric 170 -- 160 Acetone Fb. 40/60 1/4 B 13 
acid 
diethy1-d- 17 280 140 Methanol Fb. 40/60 1/4 B 12 
tartrate 
L-(+)-glutamic 208d. -- 170 Water Fb. 40/60 1/4 B 14 
acid 
Sucrose 186d. -- 170 Water Fb. 40/60 1/4 A 15 
VJ 
d-camphoric acid 187 135s. 175 Acetone Fb. 40/60 1/4 A 16 VJ 
*Length of all columns was eight feet. 
TABLE 5 (cont.) 
HISTORY OF THE OPTICALLY ACTIVE COLUMNS 
Adsorbent 0 M.P. C B.P.°C Curing Solvent Solid Mesh Size 
Temp.°C Support 
d~camphor-10- 205 -- 175 Ethanol Fb. 40/60 
sulfonic acid 
Glucose 
pentaacetate 131 -- 120 Ethanol Fb. 40/60 
A - % by volume 
B - % by weight 
Fb. - Firebrick 
d - decomposes 
s - sublimes 
I - Chromosorb P, HMDS, non-acid washed 













20% BY VOLUME a-METHYL-D-GLUCOSIDE 
Tempera,ture°C 50 . 80 90 100 110 
.Flow rate ml/min 78 59 60 60 48 
2-butanol No* Part. Part. Part. Part. 
2-methyl-1- No No Part ·. No Part. 
butanol 
3-methyl-2- No Part. Part. Part. Part. 
butanol 
2-octanol No No No No No 
· Methyl-a-bromo No No No No No 
butyrate 
3-methylhexane No No No No No 
2-bromobutane No No No No No 
2-bromooctane No No No No No 
Methyl-2-octyl No No No No No 
ether 




































TABLE 6 (cont.) 
20% BY VOLUME a-METHYL-D-GLUCOSIDE 
Temperature°C 60 80 90 100 109 121 124 
Flow rate ml/min 210 200 176 177 157 140 140 
2-butano1 No No Part. Part. Part. Part. Part. 
2-methy1-1- No No Part. No Part. Yes Yes 
butanol 
3-methyl-2- No No Part. Part. Part. Part. Yes 
butanol 
2-octanol No No No No 
Methyl-a -bromo No No No No No No No 
butyrate 
3-methy1hexane No No No No No No No 
2-bromobutane No No No No No No No 
2-bromooctane No No No No No No No 







































20% BY VOLUME a-METHYL-D-GLUCOSIDE 
Temperature°C 80 90 100 110 120 130 140 
Flow rate ml/mina 
2-butanol No No No No No No No 
2-methylbutanol No No No No No No No 
3-methyl-2- No No No No No No No 
butanol 
a, All measurements were made at 27, SO and 100 ml/min. 
TABLE 8 
20% BY VOLUME a-METHYL-D-GLUCOSIDE 
Temperature°C 80 90 100 110 120 130 140 
Flow rate ml/mina 
2-butanol No No No No No No No 
2-methylbutanol No No No No No No No 
3-methyl-2- No No No No No No No 
butanol 
a, All ~easurements were made at 48, 105, 207 and 400 ml/min. 
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TABLE 9 
20% BY VOLUME a-METHYL-D-GLUCOSIDE 
Temperature°C 80 90 100 llO 1?0 130 
Flow rate ml/mina 
2-butanol No No No No No No 
2-methylbutanol No No No No No No 
3-methyl-2- No No No No No No 
butanol 
a, All measurements were made at 32, 92, 150 and 240 ml/min. 
TABLE 10 
25% BY WEIGHT GLUCOSE PENTAACETATE 
0 Temperature C 80 90 100 110 120 
Flow rate ml/min a 
2-butanol No No No No No 
2-methylbutanol No No No No No 
3-methyl-2- No No No No No 
butanol 
2-octanol No No No 
Methyl-2-bromo- No No No 
butyrate 
3-methylhexane No No No No No 
2-bromooctane No No No 
Methyl-2-octyl No No No 
ether 
a, All measurements were made at 50 and 100 ml/min. 
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TABLE 11 
20% BY VOLUME a-METHYL-D-GLUCOSIDE 
Temperature°C 80 90 100 110 120 130 
Flow rate ml/mina 
2-butanol No No No No No No 
2-methyl bu tano,l No No No No No No 
3-methyl-2-
butanol No No No No No No 
a; Ail measurements were made at 36 and 63 ml/min. 
TABLE [Q 
20% BY WEIGHT d-DIETHYL TARTRATE 
Temperature°C 90 100 110 120 130 140 
F1o'\v rate m1 /min a 
2-butanol No No No No No No 
2-methylbutanol No No No No No No 
3-methylbutanol No No No No No No 
a,- All measurements·. were made at 86 and 200 ml/min. 
TABLE 13 
20% BY WEIGHT d-(+)-TARTARIC ACID ON FIREBRICK 
Temperature°C 80 90 100 110 120 130 
Flow rate ml/min 60 60 56 56 71 88 
2-butanol No No No No No . 
2-octanol No No No No 
Methyl-2-bromo- No No No No No No 
butanol 
2-methylbutanol No No No No 
3 -met h y 1-2 - . No No No No 
butanol 
3-methylhexane No No No No No 
2-bromoactane No No No No No 































Temperature°C so . 












TABLE 13 (cont.) 
20% BY WEIGHT d-(+)-TARTARIC ACID ON FIREBRICK 
90 100 110 120 130 
214 250 250 250 250 
No No No No No 
No No No 
No No No No No 
No No No No No 
No No No No No 
No No No No No 
No No No No No 


































20% BY WEIGHT 1-(+)-GLUTAMIC ACID ON FIREBRICK 
Temperature°C 80 90 100 110 120 130 140 
Flow rate ml/min 20 20 20 20 20 20 20 
2-butanol No No No No No No No 
2-methylbutanol No No No No No No No 
3-methyl-2- No No No No No No No 
butanol 
2-octanol No No No No No 
Methyl-2-bromo- No No No No No No No 
butynate 
3-Methylhexane No No No No No No No 
2-bromobutane No No No No No No No 
2-bromooctane No No No No No No No 


























TABLE 14 (cont.) 
20% BY WEIGHT L-(+)-GLUTAMIC ACID ON FIREBRICK 
Temperature°C 80 90 100 110 120 130 140 
Flow rate ml/min 79 79 75 75 61 61 79 
2-butanol No No No No No No No 
2-methylbutanol No No No No No No No 
3-methyl-2- No No No No No No No 
butanol 
2-octanol No No No No No No 
Methyl-2-bromo- No No No No No No No 
butynate 
3-Methylhexane No No No No No No No 
2-bromobutane No No No No No No No 
2-bromooctane No No No No No No No 


























Temperature°C 80 90 
Flow Rate ml/min 46 43 
2-butanol No No 
2 -me thy 1 but ano 1 No No 
3-methyl-2- No No 
butanol 
2-octanol No 
Methyl-2-bromo- No No 
butyrate 
3-methy1hexane No No 




20% BY VOLUME SUCROSE ON FIREBRICK 
100 110 120 130 
43 43 44 42 
No No No No 
No No No No 
No No No No 
No No No 
No No No No 
No No No No 
No No No No 

































TABLE 15 (cont.) 
20% BY VOLUME SUCROSE ON FIREBRICK 
Temperature°C 80 90 100 110 120 130 
Flow rate m1/min 126 143 143 150 150 126 
2-butano1 No No No No No No 
2-methylbutanol No No No No No No 
3-methyl-2- No No No No No No 
butanol 
2-octanol No No No No No No 
Methyl-2-bromo- No No No No No No 
butyrate 
3-methylhexane No No No No No No 
2-bromobutane No No No No No No 
2-bromooctane No No No No No No 




















































20% BY VOLUME d-CAMPHORIC ACID ON FIREBRICK 
90 100 110 120 130 
23 22 22 30 21 
No No No No No 
No No No No No 
No No No No No 
No No No No No 
No No No No No 
No No No No No 
No No No No No 
No No No No No 














TABLE 16 (cont.) 
20% BY VOLUME d-CAMPHORIC ACID ON FIREBRICK 
0 Temperature C 60 80 90 100 110 120 
Flow rate m1/min 111 111 91 91 75 71 
2-butanol No No No No No No 
2 -me thy 1 but ano 1 No No No No No No 
3-methyl-2-
butanol No No No No No No 
2-octano1 No No No No 
Methy1-2-bromo-
butyrate No No No No No No 
3-methylhexane No No No No No No 
2-bromobutane No No No No No No 
2-bromooctane No No No No No No 




































20% BY VOLUME d-CAMPHOR-10-SULFONIC ACID ON FIREBRICK 
Temperature°C 60 80 90 100 110 120 130 140 
Flow rate ml/min 10 12 17 10 11 15 10 11 
2-butanol No No No No No No No No 
2-methylbutanol No No No No No No 
3-methy1-2- No No No No No No No 
butanol 
2-octano1 No No 
Methyl-2-bromo- No No No No No No No 
butyrate 
3-methylhexane No No No No No No No No 
2-bromobutane No No No No No No No No 
2-bromooctane No No No No No No No 


























TABLE 17 (cont.) 
20% BY VOLUME d-CAMPHOR-10-SULFONIC ACID ON FIREBRICK 
Temperature°C 60 80 90 100 110 120 130 
Flow rate ml/min 78 79 50 50 50 48 46 
2-butanol No No No No No No No 
2-methylbutanol No No No No No No No 
3-methyl-2- No No No No No No No 
butanol 
2-octanol No No 
Methyl-2-bromo-
butyrate No No No No No 
3-methylhexane No No No No No No No 
2-bromobutane No No No No No No No 
2-bromooctane No No No No No No 






























.. i :. ~: ··· ~~~:.:_·~:~f~::~-::f~~~··.-~::~:-l~-:·:-L~~:~-.~-:-:~:~1~' - ~ -:_: · {: ~ .. ·., 
' . . -· _,___,_,_~ r· ... - ,~,. --- T'-"' . .~ -------'-1 , . :-~-:-:~ .•. : ~::: ~=~:; =;: ~ ::L, ~:-·~_2_ . "~--:r~::·: .. -. !~ -::: ~-; :: .. ; 1 
-· -· · · .. · ··- ·-I-·····----.. - 1- ·- ··.-· .. ·r ·-···:-···J-.: ...  ~-~- - ~-· ~ - - .t._ 11 
. I. :· .. ·:· .. ··-· ~- · : - ~ . ·:· ~-:--~->---·--·: .. _:_~-·; ·--~' .. t' .. ... l :~ .... 
I ... . - --- · ·-- ··- · · · ~·- ·· · ····· . l ·_- --·· ~-- ·---·· · - ··r--· :-- · .• , . ' . . ' : . . . I : - --~~- -·-· : ~ __ , ___ .:_ _  ·:-; -~~::1~: . .;._!.1'7.-~ ~~ ·. ~ ;--·: .. :;,, . .. 
·: ·· :·· - .--···----,.,.: .. .. .. , - ··~·.- -·- _,_ ... 1--~·-:--- .. -·l·-' 
. _J,;. ~~- :! ·:: _::·--{ ~: . : ~ ! ; :. ~··· ·~· ~ : t~::'= :·,! =~ :-· 
I • ' . 
· , · ·. ::_ · i : .~- -_· r -::~::~--~ ~ -~~~ 
-~--- -.-- ~-~--T~ __ .. _  : __ ~~-r -~ : : · ij~:tj ____  
t .. · · , •· · · ·} -· ---, ·- -l I · -I 
.. .. . : .. : · -~ ~~:~~-~~~;-~~~l_~i_::·:·_ ~-~l: -·~ :-1_:. ·: 
• • . . . . I . .. I • , .. ___ ., .. --· .- r-l--;-: . I I • • I . ·-
FIGURE 1. RESOLUTION OF 2-BUTANOL, 3-METHYL-2-BUTANOL, 
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